In order to investigate the stabilities of different tautomeric forms of pteridine derivatives with a phenacetyl "ide chain in the 6-or 7-position, we have performed ab initio quantum chemical geometry optimizations of both the keto form and the vinylogous amide form of 6-and 7-phenacetyl pterin. The results are in accordance with experimental expectations: the keto fom1 is slightly more stable for the 6-substituted derivatiye (1 .8 kcal per mol). while the vinylogous amide form is substantially more stable for the 7-substituted compound (8.7 kcal per mol). The vinylogous amidc forms are planar molecules, and this geometry enables the interaction between the hydrogen atom at N-5 (or N-8) and the carbonyl function of the side chain. Inspe1:tion of the calculated electron densities (population analysis) underlines the suggestion that the vinylogous amide form of 7-phenacetyl pterin is stabilized by a shift of electron density from the nitrogen honded to C-2 to the carbonyl oxygen atom of the side chain (resonance stabilization via an additional highly conjugated vinylogous amide structure).
Introduction
Ptcridine derivatives with an acetonyl or phenaceryl side chain in the 6-or 7-position can occur in \arious tautomeric forms : for example. 2-amino-4-pentyloxy-6-phenacetyl pteridine and 6-acetonyl-2-amino-4-pentyloxy-pteridine in solution exist in an equilibl;um between a heteroaromatic cxocyclic keto form and an enaminc form of a vinylogous cyclic amide in which the heteroaromatic system is di sturbed (1, 2) . If by hydrolyis the 4-pentyloxy group is replaced by a 3,4-dihydro-4-oxo-function. the resulting pterin derivatives (6-acetonyl-pterin and 6-phenacetyl-pterin) seem to prefer the keto form (I). Such equilibria between various tautomers are known to be strongly dependent on the nature of the solvent used. Generally. a precise prediction which tautomer § Author to whom correspondence should be addressed.
Pteridincs / Vol. 4 / No. I is more stable in a particular solvent, seems impossible (I). Notably. thc analogous 7-substitutcd compounds strongly prefer the vinylogous amide structure. This fact has been attributed to an extra resonance stabilization by an additional highly conjugated vinylogous amide. resulting in a shift of electron density from the nitrogen atom bonded to C-2, towards the carbonyl oxygen at the C-2' atom of the side chain (I).
We report here the results of ab initio quantum chemical studies of 6-and 7-phenacctyl ptcnn which we have chosen as model compounds to investigate the relative stabilities or the two tautomeric forms in vacuo.
Methods
As starting point of the computations. geometry optimizations of the model compounds were perfonned with the semi-empirical Hamiltonian AM-I (3), using the MOPAC program package (QCPE Quantum Chemical Program Exchange, Bloomington, Indiana). These calculations were done on the VAX 8650 computer of the University of Aston. The geometries provided by this procedure were then used for full geometry optimizations with the Hartree Fock method, employing the 3-2IG* basis set. This moderately-sized split-valence basis set is augmented by polarization functions, and is known to yield reasonable geometries (3). The geometry optimizations were done on the self-consistent field \e-vel. The optimum geometry was identified on the energy hypersurface by halmonic frequency analysis. The size of the studied molecules is quite large for an ab initio calculation, therefore, they were performed at the CONVEX computer of the University of Innsbmck, using the GAUSSIAN 90 program package (Gaussian Inc., Pittsburgh, Pennsylvania). Semi-empirical computations were also done but did not yield consistent results, so details are not given. The optimized geometries were used for a single-step calculation employing the more extended 6-31 G* basis set for the computation of the wave-function and a Mulliken population analysis. From these final computations, the atomic charges and the overlap populations between atoms were obtained.
Results and Discussion
Figures I and 2 show the 3-2IG*-optimized stmctures of the four molecules investigated. Notably, the most stable geometries of the two vinylogous amides arc essentially planar, thus allowing contact bctween the carbonyl oxygen atom of the side chain and the hydrogen atom bonded to N-S (N-8) of the pterin ring systcm . Table I givcs thc Hartrcc-Fock cnergies of the optimized geometries. Whcreas in the 6-substituted compound the keto fonn is slightly more stable than the vinylogous amide fom1 (I.R kcal per mol), the vinylogous amide stmcturc is considerably morc stable in the 7-substitutcd compound (R.7 kcal per mol).
These results, although in principle heing valid only for the isolated molecules in vacuo. are in excellent agreement with the expectations from the expeliments (I): the low difference in stability betwcen the keto form and the vinylogous amide fonn of the 6-phenacetyl compound suggests co-existence of both tautomers. Clearly, interactions with solvent molecules are expected to modulate the stability differences, but the lower stabilization energy of the keto form is in accordance with the experimentally noted preference for this tautomer. In contrast, the Jifference in stability energy between the two tautorners of the 7-phenacetyl pterin is much higher. exceeding the value of kT at room temperature by far. and thus suggests a clear predominance of the \"inylogous amide structure, and this is in fact experimentally observed (I). In order to investigate possible explanations for this different behaviour of 6-versus 7-phenacetyl ptelin, the molecules at their 3-21 G*-optimized geometries were subjected further to a single-step calculation using the more elaborate 6-31 G* basis set. The wave functions resulting from these calculations were used for Mulliken population analysis in order to gain additional insight into the details of the bonding situation. The calculated overlap populations between selected atoms are shown in detail in Scheme 1. Firstly, when one compares the keto form and the vinylogous amide form of both the 6-and 7-substituted compound, a major effect of the tautomerization is seen on the overlap populations between the atoms constituting the pyrazine moiety: whereas in the exocyc\ic keto compounds there is a very balanced distribution of electron density across all bonds. the overlap populations show a much stronger variation in the vinylogous amides. illustrating the profound effect. on the aromatic resonance. The overlap populations of the atoms constituting the pyrimidine moiety, however, are quite similar among all molecules: the largest effect is in fact seen for the vinylogous amide of 7-phenacetyl pterin: for example, in comparison to the three other molecules, here the bond between C-2 and the exocyclic nitrogen atom bonded to it is more strongly populated, the bond between C -2 and N-I shows less electron density, the bond between N-I and C-8a shows again more density, and so on. Thus, this detailed a na lysis is in agreeme nt with the sta bilization of the vinylogous amide form of 7-phen acteyl pte rin by a n additional highly co njugated vinylogous a mide structure involving th e a mino group bo nded to C-2, and the exocyclic ca rho nyl group, acco rding to Scheme 2 (I). An additio n al inte resting res ult of th e analys is o f th e wave fun ctions is that in hoth vinylogous a mide structures there is a co nsidera hle overl a p popula tion between th e hydroge n at N-5 and th e oxyge n at C -2' of the side cha in (exocyclic carbo nyl functi o n ) indicatin g th e intramolecula r H-hond inte ractio n Ptcridincs / Vol. 4 / No. I Reibnegger et al.: T automers o f 6-and 7-phenacetyl pterin which furth er sta bilizes the planarity of the side ch a in. The overlap population is 0.087 for the 6-substituted compound and 0.088 for the 7-substituted molecule.
Conclusion
Quantum chemical calcul a tions at the ab initio level of 6-a nd 7-substituted phenacetyl pterins were pe rformed in order to supplement experimenta l obse rvation s concerning th e ta utomeric behaviour of these molecules. In particula r, they o ffer a reliable means of understa nding molecular features due to the molecula r electron density distribution. It must be stressed , however. that suc h computations rely, strictly spoken. to the isol a ted mo lecules in vacuo a nd cannot be regarded as being fully representative fo r the beh aviour o f a substance in bulk phase or solution. Neverth eless. the good agree ment with experimental facts is promisi ng, and encourages furth er theo retical studies on pte ridines.
